This study aimed to investigate crosscultural adaptation and validation of the Arabic version of the Index of Dental Anxiety and Fear (IDAF-4C). A total of 167 participants completed the questionnaire with a response rate of 72.6%. The participants were asked to complete the adapted Arabic version of the IDAF-4C and the modified dental anxiety scale (MDAS). The participants were asked to complete the second form of the Arabic version of the IDAF-4C over a period of 1 week to determine the reproducibility of the index. The internal consistency of the IDAF-4C was high (Cronbach's alpha, 0.94).
Introduction
Dental anxiety and fear are common among patients undergoing dental treatment (1) . It is reported that among certain sections of a population, the predominance of anxiety and fear can be as high as 35% (1) . Anxiety related to oral and dental treatment has been found to lead to "−6%" of individuals in the overall public to refuse oral and dental treatments (2) . Previous studies have indicated that dental fear is associated with appointment cancellations, reduced attendance at dental clinics, behavioral complications in patients and related stress for the dentist (3) (4) (5) (6) . Similarly, individuals with a high level of dental fear have been found to have poorer oral and dental hygiene (7, 8) . Patient anxiety can influence the dentist, who may become anxious when treating patients who are known to be difficult to treat and who often delay or even cancel their dental appointments (7) . An individual with a high level of dental anxiety and fear usually requires more intensive treatment compared with those who are not anxious or who regularly attended dental clinics (9) . Individuals with high levels of anxiety and fear also have a higher number of decayed teeth and fewer restored teeth (9, 10) . The major factors related to anxiety and fear include gender, age, general fear status, education level, self-reported oral health and hygiene status, and the frequency of dental visits (11) (12) (13) . In Saudi Arabia, dental patients undergoing routine dental and oral treatment were less likely to have fear and anxiety related to dental treatment than other patients (14) . The reason for this may be that the continuous attending of dental appointments enable a person to cope with stress (14) . Another study among Saudi patients attending dental clinics found that the median anxiety state score was 53/80. The level of anxiety was generally higher among women than men (15) .
The Index of Dental Anxiety and Fear (IDAF-4C) is one of the current self-reported outcome measures designed to assess fear and anxiety related to dental treatment (16) . It is composed of three modules that assess fear and anxiety related to dental treatment, which include the core fear module IDAF-4C, dental phobia, i.e., the phobia module IDAF-P, and feared dental stimuli, i.e., the stimulus module IDAF-S. In the IDAF-4C, the specifier 4C indicates four components of anxiety and fear, including intellectual, behavioral, emotional, and physiological components (16) . Each module provides an option for researchers and clinicians to use the specific module as required. Although the 4C core module is used to assess the general level of fear and anxiety related to dental treatment, the phobia module can be used if a prior diagnosis of a particular phobia is warranted. Additionally, the stimulus module provides information about the specific aspects of an individual's dental fear.
Compared with other dental fear outcome measures (14) , the IDAF-4C assesses the multidimensional nature of fear and anxiety related to dental treatment. The IDAF-4C has been indicated to have a high internal consistency and test-retest reliability over a period of 4 months (16) . The scale items also indicate solid validity in terms of test score interpretations and stronger correlation with dental visiting characteristics when compared with existing dental fear scales. The additional modules to the scale provide researchers or clinicians with an option to select for use the modules of interest or significance to them. This scale has been adapted, translated, and validated in different languages and it shows consistent reliability and validity (17) (18) (19) . As per current knowledge, however, few outcome scales have used a dogmatic basis to assess dental fear (20) . The only other outcome scale designed to measure the multicomponent nature of anxiety and fear related to dental treatment, the Dental Anxiety Inventory (21) , is inconvenient due to the large number of questions in the scale, which has resulted in its limited use. By assessing the content of all the available questionnaires which evaluate fear and anxiety related to dental treatment, the IDAF appears to be the most comprehensive and, compared with other scales which measure fewer aspects, the IDAF demonstrates the best coverage of the key domains of this phenomenon. No studies were found previously to be assessed the reli-ability and validity of an adapted Arabic version of the IDAF-4C in dental practice in Saudi Arabia. Therefore, this study aimed to translate and adapt the Arabic version of the IDAF-4C and to assess its reliability and validity in dental patients. This study aims to provide the most extensive tool to measure dental anxiety and enable its use for Arabic dental patients. The validation study was conducted only for the core module of the score, as although the phobia and stimulus modules add additional data to that assembled data through the core module, phobia and stimuli are not imperative components in determining an individual's fear in general.
Materials and Methods

Study area/settings
The study was conducted in different government dental centers in the central region of Saudi Arabia between May and July 2017 in the following dental centers: 1) Dental department at King Fahad Medical City with a capacity of 40 dental clinics and a flow of 840 patients per week, 2) College of Dentistry at King Saud University with a capacity of 250 dental clinics and a flow of 3,200 patients per week, and 3) College of Dentistry at Princess Noura University with a capacity of 100 dental clinics and a flow of 1,000 patients per week.
Study subjects
The study subjects were the attendees of dental clinics between May and July 2017 at the dental centers mentioned above. The inclusion criteria were as follows: attendees of dental clinics in the above-mentioned centers who were aged ≥18 years old. Patients with a history of psychological or mental health disorders were excluded from the study.
Study design
The study was a cross-sectional reliability and validity study.
Sampling technique
A consecutive sampling was used to recruit the required patients, aged ≥18 years (>10 participants for each item of the questionnaire), as recommended in a previously published study about the subject to item ratio (2-20 subjects per item) (22) . The included subjects were recruited from dental clinics at King Fahd Medical City, the College of Dentistry at King Saud University, and the College of Dentistry at Princess Noura University.
Translation and cross-cultural adaptation
Acquisition of permission for cross-cultural adaptation and of the rights of use of the IDAF-4C from the developer of the questionnaire were received. The IDAF-4C was translated and adapted to Arabic according to the published guidelines (23) (24) (25) , the steps of which were as follows:
Initial step
The translation of the original English version of the IDAF-4C into classical Arabic was performed by two professional translators. Translation into classical Arabic was performed to make the tool useful for all Arabic nations, as "spoken" Arabic can differ markedly between nations. Following translation, bilingual dental professionals were requested to review the translated version for suitability of language. The reviewed version of the Arabic IDAF-4C was translated back to English by the same translators who performed the forward translation, and this was contrasted with the original version to check for consistency. The obtained Arabic IDAF-4C was then used in pilot testing on a small group of dental patients (n = 10) to ensure that every one of the terms utilized was reasonable and to make any amendments, as required (cognitive debriefing phase).
Cognitive debriefing phase
Ten patients were enrolled from the study area and invited to participate in the cognitive debriefing phase of the process of cross-cultural adaptation of the IDAF-4C to evaluate the acceptability, clarity, and understandability of the translated version. The participant's criteria are assigned to dental patients in any of the dental centers who demonstrated good comprehension and language skills. During this visit, the participants were informed about the study details, and those who agreed to participate were asked to provide written informed consent. The questionnaire was administered to each participant by the principal investigator. The patients were instructed not to focus too much on the precision of their reactions, but rather simply report what they comprehended, the ambiguity of each question or statement on the questionnaire, and their level of approval of the questionnaire. Towards the end, the participants were requested to make a general open remark about the questionnaire so that its overall acceptability, understandability, and clarity could be assessed. All remarks were recorded on a specific form.
Reconciliation phase
In the reconciliation phase, based on the cognitive debriefing findings, the translated version was reviewed and discussed prior to its development into the final Arabic version of the IDAF.
Psychometric measurements
The participants were asked to complete the adapted Arabic version of the IDAF-4C and the modified dental anxiety scale (MDAS). MDAS was chosen as the gold standard to compare with the IDAF-4C as it is a brief, five-item questionnaire (26) , is commonly used as a dental anxiety questionnaire worldwide (27) , and completion of the questionnaire does not increase patient fear (28, 29) . Additionally, it is quick and easy for scoring (30, 31) . The participants were asked to complete the second form of the Arabic version of the IDAF-4C over a period of 1 week to determine the reproducibility of the index. The construct validity of the Arabic version of the IDAF-4C was assessed by testing the hypothesis that the scores of the IDAF-4C correlate with the MDAS score.
Statistical analysis
Descriptive data are presented as the mean (standard deviation; SD) and range (minimum-maximum). Intraclass correlation coefficients (ICC 2,1 ) and Kappa statistics were used to assess the reliability of Arabic version. Cronbach's alpha (CA) coefficient was used to assess the internal consistency. Absolute reliability was assessed using the Bland-Altman plot (32) . The absolute measurement error was estimated using the standard error of measurement (SEM; [SEM = SD√ (1 − r)]) (33, 34) and the minimal detectable change (MDC; MDC = 1.96 × √2 × SEM) (33, 34) . Spearman's correlation coefficient between the IDAF-4C total and component scores, and the MDAS scores was used to investigate the construct validity. In all statistical analyses, P < 0.05 was considered as the level of significance. All statistical analyses were performed using the statistical package for the social sciences for Windows version 22 (IBM Corp., Chicago, IL, USA).
Results
A total 167 participants completed the questionnaire with a response rate of 72.6%. The majority of the participants (41.9%) were in the age group of 20-29 years and the majority were female (58.7%). The average participant age was 34.1 years. The results of the current study revealed a high internal consistency of the IDAF-4C with the CA values of 0.94 for the total scores. Similarly, the corrected item-total correlations for all the items were high (range, 0.61-0.85), as the CA values did not improve to a level >0.94 if one item was deleted. The mean scores of the test and retest assessment of the IDAF-4C were 2.3 ± 1.2 and 2.3 ± 1.2, respectively. The ICCs for the total score and each item were high (range, 0.98-0.99). In addition, the Kappa statistics for the total score and each item were high (range, 0.83-0.97). The calculated SEM and MDC were 2.2 and 6.2, respectively. Additionally, the Spearman's correlation coefficient between the IDAF-4C total scores and components scores were high (r = 0.86-0.92, P < 0.001). Similarly, the IDAF-4C total and components score was significantly associated with the MDAS score (r = 0.67-0.71). Table 2 details the results of internal consistency. The internal consistency of the IDAF-4C was high with CA values of 0.94 for total scores. Similarly, the corrected item-total correlations for all the items were high (range, 0.61-0.85). The CA values did not improve >0.94 if one item was deleted. Table 3 details the reliability of the test-retest scores of the IDAF-4C. The mean scores of the test and retest assessment of the IDAF-4C were 2.3 ± 1.2 and 2.3 ± 1.2, respectively. The ICCs for the total score and each item were very high (range, 0.98-0.99). In addition, the Kappa statistics for the total score and each item were high (range, 0.83-0.97). Figure 1 shows the Bland-Altman plot, indicating that the majority of the scores were within the limits of agreement. The calculated SEM and MDC were 2.2 and 6.2, respectively. 
Internal consistency
Reliability
Validity
The Spearman's correlation coefficients between the IDAF-4C total and component scores were high (r = 0.86-0.92, P < 0.001) ( Table 4 ). In addition, the IDAF-4C total and component scores were significantly associated with the MDAS score (r = 0.67-0.71).
Discussion
The current study aimed to investigate crosscultural adaptation and validation of the Arabic version of IDAF-4C. When outcome measures are considered for use in various cultures, the items in the measure essentially go through a proper linguistic translation and are also culturally adapted to preserve the content validity of the outcome theoritically across cultures. This is known as the crosscultural adaptation process (23) (24) (25) . The main objective of this process is to produce consistency between source and target content. The cross-cultural adaptation process assures retention of the metric properties of the scale, including reliability and validity (23) (24) (25) . Additionally, this process includes a backward translation step to highlight dissonance or theoretical errors in the translation. These guidelines and procedures were properly followed in the current study. The results of the study showed that the Arabic version of the IDAF-4C had adequate evidence of validity and reliability, demonstrating that the translation and adaptation processes were successful.
Although the present study is the first aimed at adapting and translating the IDAF-4C into the Arabic language, the questionnaire has been translated into other languages (17) (18) (19) . In the current study, the Arabic version of the IDAF-4C demonstrated suitable psychometric properties, including relative reliability, validity, and internal consistency, in the sample of dental patients. The original English version of the IDAF-4C was designed to measure anxiety and fear among dental patients (16) . In the current study, the internal consistency and reliability of the Arabic version of the IDAF-4C were high (CA 0.94 and ICC 0.99). Similarly, the original English version of the IDAF-4C showed a high level of internal consistency (CA 0.94), however, the reliability value was lower than that obtained in the current study, as indicated by the test-retest reliability (ICC 0.84) (16) . However, in the original study, the test-retest reliability was tested at 4 months, whereas reproducibility in the present study was tested over a period of 1 week. This suggests that a recall bias may affect the presented findings as the duration of the interval between the two test administrations may affect the test-retest reliability. For example, a small time interval may have carryover effects owing to memory, mood, or practice, whereas a longer time interval may increase the chances of recovery in the patient's condition (Mary J Allen et al. Introduction to measurement theory, 46-48, Monterey, Calif.:Brooks/ Cole, 1979). In addition, previous studies have reported moderate to high reliability (CA 0.88-0.95) for different languages of the IDAF-4C in a sample of dental patients (17) (18) (19) . However, there are a number of methodological differences between these studies and the current study. For example, the Finnish and Spanish versions of the IDAF-4C were tested on dental students, whereas the adapted Arabic version in the present study was tested on a sample of dental patients with no background of dental education (17, 19) .
In the current study, the correlation between the adapted Arabic version of the IDAF-4C total and component scores with the MDAS total score were moderate to high (r = 0.672-0.714), which confirmed the construct validity (Fig. 2) . Similarly, the Finnish and Spanish versions of the IDAF-4C demonstrated moderate to high correlation between the IDAF and MDAS (r = 0.40-0.74) (14, 35) . Additionally, in the IDAF-4C component, the correlation between the IDAF-4C cognitive and behavioral components had a stronger correlation with the MDAS total score than the physiological and emotional components (r = 0.696-0.714 and r = 0.672-0.678, respectively). By contrast, previous studies reported a stronger correlation between the IDAF-4C physiological and emotional components with the MDAS total scores than the behavioral and cognitive components (r = 0.65-0.69 and r = 0.40-0.49, respectively) (14, 36) . In the current study, the correlation among all components of the IDAF indicated that the correlation between the IDAF emotional and physiological components was the strongest and the correlation between the physiological and behavioral components was the weakest (r = 0.899-0.927 and r = 0.866-0.889, respectively). Similarly, previous studies reported a stronger correlation between the IDAF-4C physiological and emotional components than the behavioral and cognitive components (r = 0.82-0.85 and r = 0.56-0.70, respectively) (14, 36) .
In addition, the SEM and MDC were calculated for the adapted Arabic version of the IDAF-4C in a sample of dental patients. As per current knowledge, neither the original English version nor the subsequent adapted versions of the IDAF-4C have reported the SEM and MDC. However, previous studies have suggested the use of the SEM to indicate the statistically meaningful change of a health outcome questionnaire (36, 37) .
The characteristics of anxiety and fear related to dental treatment are multidimensional and this leads to challenges in research (30, 38, 39) . The majority of the outcome measures used to assess dental fear have been denounced due to insufficient psychometric properties and lack of a theoretical framework (16, 39) . While MDAS basically focuses on the emotional response to dental treatment, the IDAF-4C includes all relevant components of dental fear, including emotional, behavioral, cognitive, and physiological dimensions, which suggests that the IDAF-4C provides a more complete outcome measure (17) .
It is indicated that anxiety and fear have many negative effects in general dental practice, for example, inconsistency in dental visits, avoidance of seeking treatment, and adverse impact on the individual's oral health (40, 41) . The role of fear and anxiety in the dental and oral hygiene treatment remains to be fully elucidated. In light of the fact that anticipatory pain is a factor in a patient's negative response to dental treatment (42) (43) (44) (45) (46) , it is probable that many patients have anxiety surrounding the pain they believe to be a result of dental treatment techniques such as root planing and scaling. Although a limited number of studies have examined the causes of anticipatory pain related to dental and oral hygiene treatment techniques, it has been indicated that anxiety related to pain is a relevant factor in dental and oral hygiene treatment procedures (47) (48) (49) .
The findings of the current study also indicated that the participants had moderate dental fear. Similarly, a Swedish study reported a moderate level of dental fear in their participants (18) . By contrast, a Finnish study reported that the majority of their participants exhibited a low level of dental fear (19) ; however, the participants were dental students in this study, whereas the participants in the current study were dental patients. This methodological difference may explain the different results reported.
Similar to other dental treatment modalities, the levels of dental fear and anxiety in patients and potential risk factors for dental anxiety and fear related to dental and oral hygiene treatment procedures are essential in identifying optimal management strategies to effectively manage these patients. Milgrom et al. suggested that the capacity to identify particular types of fear allows clinicians to design custom-made management strategies (Milgrom P et al., Treating fearful dental patients: a patient management handbook, 5278, Reston Publishing Co., 1995). For example, patients who have a particular fear, for example a fear of injections, could be taught relaxation techniques. Once the patient becomes accustomed to these techniques, he/she can then be gradually exposed to an anesthetic needle. Therefore, a proper and complete outcome measure is required to assess anxiety and fear related to dental procedures to further investigate the causes of anxiety and fear and feasible modes of treatment strategies for the fearful dental patient.
The implications of the current study can be categorized into implications for public health and for clinical practice. Of note, although this tool was tested on patients who were admitted to the clinic, given its simplicity, it may also be useful for epidemiological research conducted at the population level due to the high face validity of the tool among the clinic-based patients. The present study provides an adapted Arabic version of a well-designed questionnaire that has been previously translated into several other languages. The results indicate that this tool can be used both by dentists to assess the level of anxiety of the patients in the clinic and in cross-sectional surveys at the population level. This tool will help to identify patients with a high level of anxiety and enable the provision of specific attention in case of need so that their level of anxiety can be reduced. At the population public health level, this tool can be used in public surveys to assess the level of anxiety in the population, to potentially plan and respond to policies for population-based health prevention. It is known that anxieties related to the provision of care that reduce patient attending appointment, can lead to the complication of dental problems; thus, addressing this problem is essential for public health dentistry.
There are several methodological issues that need to be discussed. The current study has some potential limitations. Samples were collected only from one region of the country; therefore, they cannot be generalized to the entire population of the country. In addition, the study sample consisted of patients who were undergoing dental treatment and, therefore, may have lower dental anxiety than patients with higher dental anxiety that may avoid dental treatment entirely. It is also probable that in the general Saudi population, including those who refuse dental treatment, dental treatment anxiety and fear are significant issues. Furthermore, objective outcome was not used to assess the oral health status of the subjects. Therefore, further studies with the inclusion of subjects from the general population and data on the objective oral health of the subjects would be useful in determining the factors for high IDAF-4C scores. In addition, crossvalidation could be conducted among patients from other parts of Saudi Arabia to establish external validity. To increase the usefulness of the index, it is recommended that an investigation to establish Saudi population norms of dental fear based on this index be conducted. The questionnaire was found to be valid and reliable in clinical settings. Therefore, further investigations are required to confirm its levels of validity and reliability at the population level prior to recommendations being given for its use in screening purposes.
In conclusion, the translated and adapted Arabic version of the IDAF-4C demonstrated suitable psychometric properties, including high levels of internal consistence, reliability, and validity. The current study indicates that the Arabic version of the IDAF-4C is a suitable index to measure dental anxiety and fear in the Arabic-speaking population.
